Mantle xenocrysts from early Triassic kimberlite pipes from Kharamai, Ary-Mastakh and Kuranakh fields in the Anabar shield of Siberia revealing similar compositional trends were studied to estimate the superplume influence on the subcratonic lithosphere mantle (SCLM). Pressure-temperature (PT) reconstructions using monomineral thermobarometry for 5 phases show division of the SCLM beneath the Kharamai field into 6 units: pyroxenitic Fe-rich (1e2 GPa) and Mg-rich (2e3 GPa) layers; middle with two levels of Gar-Sp pyroxenites at w3 and 4e5 GPa; Gar-duniteeharzburgites w4.5e6.5 GPa subjected to Ilm-Px vein metasomatism; and a Mg-rich dunite lower part. In the Anabar shield (Ary-Mastakh, Dyuken and Kuranakh fields) mantle lithosphere is composed of three large units divided into two parts: upper part with amphiboles and phlogopite; two levels of pyroxenites and eclogites at 3 and 4 GPa, and a lower part composed of refertilized dunites. Diagrams showing P-Fe # Gar clusters for garnets and omphacites illustrate the differences between SCLM of these localities. Differences of Triassic SCLM from Devonian SCLM are in simple layering; abundance of Na-Cr-amphiboles and metasomatism in the upper SCLM part, thick pyroxenite-eclogite layer and lower part depletion, heated from SCLM base to 5.0 GPa.
Introduction
The evolution of the subcratonic lithosphere mantle (SCLM) has been widely discussed (e.g. Pokhilenko et al., 1999; Griffin et al., 2003; Tappe et al., 2007; Santosh et al., 2009; Lee et al., 2011; Ashchepkov et al., 2013a,b,c,d) . Most investigations suggest destruction of mantle keel over time because of hydration and weakening (Yu et al., 2011) , subduction tension (Yang et al., 2012) or delamination due to plume influence (Li et al., 2015) . The latter mechanism suggested for the Northern part of Siberian craton (Griffin et al., 2005) was taken for the explanation for the low diamond grade of post-Siberian superplume kimberlites. Here we compare mantle sections of early Triassic kimberlites to examine the possible influence of superplume on the SCLM.
The structure of the lithospheric mantle sequences beneath the Siberian craton was originally formed in the earlyemiddle Archean time. Initially separate micro-continents formed in earlyemiddle Archean terranes were probably joined together into a large continent, variably named Kenorland, Arctica or Superia-Sclavia (Williams et al., 1991; Bleeker, 2003; Santosh et al., 2009 ), assembling around 2.7 Ga marked by two peaks of zircon ages at 2.5 and 2.7 Ga (Griffin et al., 2014; Roberts and Spencer, 2015) and a peak in Re-Os model ages for sulfides at 2.8e2.7 Ga. The final accretion to Siberia took place at w1.8e1.6 Ga (Rosen, 1986 (Rosen, , 2003 Rosen et al., 2005 Rosen et al., , 2007 . After the Mesoproterozoic break-up stage of Columbia, at 1.1e0.6 Ga Siberia became part of the next supercontinent Rodinia (Griffin et al., 2002; Pearson et al., 2005; Rosen et al., 2006; Mints, 2007; Maruyama et al., 2013) . A preliminary study of mantle layering and compositions supports the idea of differences of subcontinental lithosphere mantle (SCLM) (Ashchepkov et al., 2013a) beneath each tectonic terrane in Siberia (Gladkochub et al., 2006) .
Northern kimberlite fields in Yakutia are mainly Mesozoic and their SCLM xenoliths are much less studied than in the central parts of the craton. Siberian the Kharamai kimberlitic field (Fig. 1A ) (Cherenkov et al., 1987) is located in the northwestern part of the Siberian craton, 250 km west of the southeastern part of the Anabar shield which belongs to the Magan terrane. This field relates to the early Triassic stage of kimberlitic magmatism of the Siberian platform as well as most kimberlites in the northern part of the Siberian craton , including the regions of Anabar shield and Prianabarie (Brakhfogel, 1984; Kinny et al., 1997; Griffin et al., 1999a,b; Griffin et al., 2005; Rosen et al., 2005 Rosen et al., , 2006 Kostrovitsky et al., 2007; Smelov and Zaitsev, 2013) . The exceptions are some Devonian kimberlites in Starorechenskoe, Toluopskoe and Ukukite fields and late Jurassic kimberlites like the Obnazhennaya pipe common in Kuoyka (Taylor et al., 2003) and some northern kimberlite fields (Moralev and Glukhovsky, 2000; Zaitsev and Smelov, 2010) . Mesozoic kimberlites in Siberia are of low diamond grade but numerous diamond placers in the northern part of Siberian craton (Afanasiev et al., 2011) suggest undiscovered sources. Diamond inclusions from placers in Cir Anabar are essentially eclogitic (Sobolev et al., 1998; Shatsky et al., 2015) while in the central part of the Siberian craton (Logvinova et al., 2005) both peridotitic and eclogitic inclusions are common.
The compositions of minerals and structure of the Kharamai field were given by Griffin et al. (2005) based on previous explorations (Cherenkov et al., 1987) . Wide distribution of the highchromium pyropes (to 14 wt.% Cr 2 O 3 ) in the kimberlites in this field and other northern parts of the Siberian platform, and pressure estimates of the xenoliths at w5.1 GPa (Brey and Kohler, 1990) or 6.2 GPa (McGregor, 1974) , as well as the abundance of diamond placers in the northern Prianabarie (Sobolev, 1974; Afanasiev et al., 2011) , suggest that the mantle keel in the northern part of Siberian platform was similar in thickness to that in the central part of the Yakutian kimberlite province. This is supported by geophysical mantle profiles (Koulakov and Bushenkova, 2010; Pavlenkova, 2011; Kuskov et al., 2014) . Nevertheless using pressure estimates for garnets (Ryan et al., 1996) it was assumed that the lower part of the lithospheric mantle in the northern part of Siberian craton was delaminated (Griffin et al., 2005) after the Siberian PermianeTriassic superplume event. However recent work suggests that it was only slightly reduced, mainly in Jurassic time (Howarth et al., 2014) .
In this study the heavy concentrate minerals from three kimberlitic pipes of Kharamai field were used to determine the geochemistry of minerals and their parental melts and the structure of the SCLM in comparison with data obtained for kimberlites from some fields in the Anabar shield. Kharamai field is part of the Magan terrane (Gladkochub et al., 2006; Smelov and Zaitsev, 2013) as well as Mir pipe and the Malo-Botuobinsky kimberlite field. According to Rosen et al. (2006) , the nearest Ary-Mastakh field belongs to the (West) Daldyn terrane similarly to the Alakit and Daldyn kimberlite fields. But according to more recent divisions this field Starorechenskoe, Duken and Kuranakh fields are situated within the Khapchan terrane as described by Zaitsev and Smelov (2010) .
The mantle layering reconstructions and general geochemical characteristics of the minerals provide the typical features of the different terranes and their distinct parts (Ashchepkov et al., 2013a) . By comparing the PTXf(O 2 ) diagrams used for reconstructions of SCLM beneath the studied fields, we investigate the similarity of the mantle structure within the Magan terrane and differences with the SCLM in other tectonic units of the Siberian craton.
The geochemical characteristics of Kharamai field kimberlites are close to those of the Devonian kimberlites of Siberian platform .
Data set and analytical methods
Mineral grains (w3100) of mantle xenocrysts of orthopyroxenes (Opx), clinopyroxenes (Cpx), garnets (Gar), olivine (Ol), chromite (Chr), ilmenite (Ilm) and amphiboles (Amph) from the Kharamai, Ary-Mastakh and Kuranakh kimberlites were analyzed in Analytic Centre of IGM SD RAN, Novosibirsk. Mostly the material was panned from the drilling mud.
Compositions of w950 grains from three kimberlite pipes Evenkiyskaya, Malush and Tuzik from Kharamai field (Fig. 1B) were determined using the Jeol Superprobe electron microprobe (EMPA). In addition w450 grains from the same pipes in Kharamai field, w550 grains from Ary-Mastakh field (Fig. 1C) (Khardakh, Bumerang, Nebaibyt, Vympel and Bargadymalakh pipes) and w1100 grains from Kuranakh field (Universitetskaya, Trudovaya, Losi, Malokuonamskaya pipes) (Fig. 1D ) were determined using a CamebaxMicro electron microprobe (Ashchepkov et al., 2007 using 15 kV acceleration voltage and 15 nA beam current in epoxy mounts of the polished mineral grains according to the common procedure of Lavrent'ev and Usova (1994) . For the constructions of the mantle transect we used additional data from some pipes in Duken field (Ashchepkov et al., 2001) and unpublished data for Malokounamskaya pipe provided by S. Babushkina and for the ilmenites from N.S Tychkov.
Minerals from Kharamai field (31), Ary-Mastakh field (Khardakh pipe, 17) and Kuranakh field (Universitetskaya, 9; Trudovaya, 20) pipe were analyzed by an LA-ICP-MS method using Finnigan Element I mass spectrometer with a Nd YAG 193: UV New Wave system laser. The laser spot diameter did not exceed 10e20 mm.
Scanning time for each grain was about 2.5e3 min. The concentrations of 32 trace elements were obtained and normalized to 40 Ca using EPMA values for silicate minerals and to Ti and Cr for the ilmenites and chromites (Supplement 1).
Mineralogy
Pyropes of the Kharamai field, analyzed in this work, belong to the lherzolite field (Sobolev et al., 1973) reaching 11.5 wt.% Cr 2 O 3 (Fig. 2A) ; reported values for the other pipes (Cherenkov et al., 1987; Griffin et al., 2005) are higher (14.5 wt.% Cr 2 O 3 ). (Cherenkov et al., 1987) , (C) in the Ary-Mastakh kimberlite field , (D) in the Kuranakh kimberlite field . 1eSiberian platform, 2eShields, 3eDevonian kimberlites, 4eTriassic kimberlites, 5eTectonic terranes. 2eNakyn, 4eDaldyn, 5eUpper Muna, 6eChomurdakh, 7eSevernei, 8eWest Ukukit, 9eEast Ukukit, 11eUpper Motorchun, 12eMerchimden, 13eKuoyka, 14eUpper Molodo, 15eToluop, 16eKhorbusuonka, 17eEbelyakh, 18eStaraya Rechka, 20eDyuken, 21eLuchakan, 22eKuranakh, 23eMiddle Koupnamka, 24eMiddle Kotui, 25eChadobets, 27eTychan, 29eTumanshet, 30eBelaya Zima, 31eIngashi, 32eChompolo, 34eKharamai, 35eeManchary . The terranes are according to Glaldkochub et al. (2006) , IeTungus, IIeMagan, IIIaeWest Daldyn, IIIbeEast Daldyn, IVeMarkha, VeKhapchan, VIeBirekte, VIIeXII: AldaneStanovoy province; VIIeOlekma, VIIIeCentral Aldan, IXeEast Aldan, XeBatomga.
Pyroxenitic Ca-rich garnets are not frequent but the array from 1 to 4 wt.% Cr 2 O 3 shows a CaO increase which is typical for Mesozoic kimberlite localities in Siberia (Ashchepkov et al., 2001; Tychkov et al., 2008) (Fig. 1) . The dense cluster marked by elevated FeO values to 11 wt.% without high CaO should represent pyroxenites derived from basaltic melts. We did not find sub-calcic garnet and their amount determined in the concentrate earlier is small (Griffin et al., 2005) . Garnets do not reveal considerable enrichment in TiO 2 (0.4 wt.%) and Na 2 O (0.1 wt.%). Garnets from Khardakh pipe from the Ary-Mastakh field in Cr 2 O 3 -CaO plot show typical linear lherzolitic trend to 5 wt.% Cr 2 O 3 . Pyropes from the Kuranakh kimberlites are considerably enriched in TiO 2 (1.5 wt.%). They show inclined pyroxenitic trend from 1 to 6 wt.% Cr 2 O 3. The continuation to 10 wt.% Cr 2 O 3 with some amount of sub-calcic garnets (Fig. 2B) is close to Paleozoic garnet trends. The eclogitic garnets as well as pyroxenitic were not considered for discussion because it is difficult to separate them from the lower crust granulitic species.
Clinopyroxenes from each of the Kharamai pipes are close in composition, although they differ in the dominant varieties (Fig. 3A) . All together, the Cr-diopsides form two clouds in variation diagrams according to their FeO content. Pyroxenes with 1e2.5 wt.% FeO are characterized by the higher Cr 2 O 3 (to 4 wt.%) content. The group of clinopyroxenes with elevated FeO (3e5 wt.%) is characterized by comparatively low Cr 2 O 3 and higher Na 2 O and TiO 2 contents of some grains. Such values are common for pyroxene from Fe-rich metasomatites of the lithosphere base (Ionov et al., 2010; Ashchepkov et al., 2013a) . Cr-diopsides from the Malysh pipe are more magnesian. Omphacites exist in concentrate from Malysh and much less in the Evenkiyskaya pipe, while from Tuzik pipe Cr-diopsides dominate.
Pyroxenes from the Anabar shield (Fig. 3B) show similar variations. The Na 2 O content continuously increases together with FeO as in the Kharamai field but it decreases starting from 4.5 wt.% FeO.
Orthopyroxenes of Kharamai field are divided into two groups: magnesian with 4.5e6.2 wt.% FeO and ferrous >7.3 wt.% FeO. The first one reveals variations in Al 2 O 3 from 1 to 3.5 wt.% and Cr 2 O 3 for 0.2e0.8 wt.% with small TiO 2 fluctuations (Fig. 4A) . Al-Fe-enriched varieties are from pyroxenes especially in CaO. Orthopyroxenes in kimberlites from Anabar shield (Fig. 4B) Amphiboles of the Kharamai field are mostly Cr-hornblendes. We used division of amphiboles after Leake et al. (2003) . The KNa in formula units (f.u.) negative isomorphic trend is typical only for magnesian varieties (Fig. 5A) . The Fe-enrichment is accompanied by the joint increases in Fe, Na, K 2 O, TiO 2 and Al 2 O 3 and Cr 2 O 3 decreases. Amphiboles of the Anabar shield (Fig. 5B ) reveal similar regularities but smaller variations.
Chromites and Cr spinels from the Kharamai field are divided into two large groups (Fig. 6A) 
Variations of the trace elements in minerals
Garnets from the Kharamai pipes are divided into 3 groups according to their trace element (TRE) patterns (Fig. 8A ) (Supplement 1). The first (Gr1) is characterized by round patterns with the domination of HREE and smooth decrease of LREE. For the second group (Gr2) the significant hump in MREE with the center near Sm is probably the sign of pyroxenite assemblage (Ashchepkov et al., 2011 ) (see discussion). For the third group (Gr3) lower HREE and the small minimum in Dy-Er is common and a sign of harzburgitic garnets (and some pyroxenes). Most garnet spider diagrams reveal high maximums of Pb, U and substantial Ta increase relative to Nb which is higher for the LREE-enriched varieties as commonly found for the metasomatic varieties (Gregoire et al., 2003) . The general TRE exhaustion is accompanied by Ta < Nb and rises of Zr/Hf n ratios which is found for the carbonatite melts (Nelson et al., 1988; Andrade et al., 2008) . All types of garnets show troughs in Sr, Ba and a varying Zr minimum.
Clinopyroxenes from the Kharamai kimberlites show three types of TRE spider diagrams. Varieties with the highly inclined linear REE patterns and MHREE depression most likely relate to the garnet harzburgite type as those from the Alakit field in Central Yakutia (Ashchepkov et al., 2004) . They have minima at Nb, Ta and smaller depressions in Zr-Hf. The peaks in Th, U are typical for carbonatite melts ( Fig. 8B) (Andrade et al., 2008) . The pattern with Eu minimum and peak at Pb and high content LILE belongs to eclogitic type.
The single analyzed orthopyroxene revealed a smooth increase in all incompatible components, peaks in Pb, Th, and Y minimum, which refers to Al-poor rocks.
Most ilmenites show gently inclined REE patterns with LREE levels w5 orders of magnitude higher relative to primitive mantle (PM) (McDonough and Sun, 1995) . The high peaks in Nb, Ta, and Zr are characteristic for other kimberlitic ilmenites (Ashchepkov et al., 2012; Afanasiev et al., 2013) . These peaks become lower for ilmenites with lower TiO 2 content having small depressions in DyTm. The last two elements are considerably lower for the varieties which show slightly U-shaped REE patterns (Fig. 8C) .
Chromites reveal REE patterns of two types. Those exhausted in REE have convex spoon-like patterns with minima in HREE, small Y trough, and peaks in Pb, Nb, Ta and Th. For the relatively enriched chromites, a decrease of the incompatible elements is observed (Fig. 8D) .
Clinopyroxenes from the Khardakh pipe ( Fig. 9A ) (Supplement 1) show two major types of TRE diagrams. The first one refers to the typical Cr-diopsides showing more LREE enriched patterns with the higher (La/Yb) n ratios and relatively smaller depression in TaNb and trough in Zr. The Fe-rich pyroxenes and transitional pyroxenes show lower La/Yb ratios and complex REE patterns consisting from two branches divided by inflections and minima in En. The flatter HREE part shows small depressions from Tm to Ho. The spidergrams of these clinopyroxenes reveal increase in Th, U, Pb and deep minima at Nb and Ta, sometimes decoupled but with even elevation in Zr and Hf. The more Fe-rich pyroxenes have deeper Eu minimums and higher difference in high field strength elements (HFSE). They are pyroxenitic pyroxenes showing rather low Na-Al content.
Inclined (for those enriched in REE) or concave downward patterns (for those exhausted in REE) are determined for ilmenites Figure 9 . REE patterns and TRE spidergrams for deep seated xenocrysts from the Khardakh kimberlite pipe, Ary-Mastakh field.
from the Kharamai kimberlites. All ilmenite spider diagrams have strong Ta, Nb and smaller Zr, Hf peaks which are typical for metasomatic associations, for example in Sytykanskaya pipe from Alakit fields (Ashchepkov et al., 2004) . In this pipe, the ilmenites are characterized by enrichment in U and HFSE. Chromite patterns show a Ta-Nb trough instead of peaks (Fig. 9B ).
In the Universitetskaya pipe from the Kuranakh field, low-Cr garnets have flatter REE patterns like those from the Khardakh pipe. However, chromium pyrope reveals typical rounded REE patterns with minima in Sr and peaks in U, Pb, Ba and minima in Nb, Ta, Zr and Hf ( Fig. 10 ) which are characteristic for harzburgites or lherzolites of subduction-type. Clinopyroxenes from this pipe have similar REE spoon-like in LREE or U-shaped patterns as detected for pyroxene from garnet-spinel or spinel mantle facies (Dantas et al., 2009) . Two pyroxenes have inclined patterns which are commonly found in garnet-bearing harzburgites. Despite differences in REE they show more uniform TRE behavior. The peaks in U, Ba or the opposite distinct minima in Pb and less pronounced in Th, Ta, Zr are observed in the spider diagrams.
Clinopyroxenes from the Trudovaya pipe ( Fig. 11A ) reveal more uniform highly inclined pattern with a different level of REE. The most enriched spider diagrams have small peaks in Eu, Ce minima and a deep Pb trough which probably reflects an admixture of eclogitic material. In the TRE spiderdiagram the Rb peaks and small minima of HFSE and more expressed in Th, Ba are observed.
Ilmenites have two types of TRE spider diagrams. Varieties with the low TRE concentrations possess inclined REE patterns and well expressed peaks in Ta, Nb Zr-Hf and Pb. They are characterized by minima in Sr and large ion lithophile (LILE) elements. Ilmenites with the LREE level w100e1000 enriched relative to primitive mantle show inclined REE patterns and the minimums in Pb, Sr. The peaks in Nb, Ta, Zr and Hf are not as strong as in previous ilmenite group.
Thermobarometry

PTXf(O 2 ) conditions beneath Kharamai field and Prianabarie
The methods of monomineral thermobarometry (McGregor, 1974; O'Neill and Wood, 1979; Nimis and Taylor, 2000; Ashchepkov et al., 2010) combined in thermobarometric program (Supplement 2) in the application for five minerals from the concentrate of three pipes from Kharamai field and kimberlites from Prianabarie were used for reconstructing of sections of SCLM beneath Kharamai and Anabar kimberlitic fields Prianabarie for the same early Triassic stage of kimberlite magmatism.
A combined diagram for the mantle section beneath the Kharamai field based on mantle xenocrysts of three pipes together shows division into 6 (according to garnet clusters) or 3 large units and pressure (Fig. 12) . The pyroxenes and garnets mark different geothermal branches which is typical for mantle sections (Fraser and Lawless, 1978) . The Moho boundary is fixed by the PT estimates for the eclogitic omphacites and pyroxenites. The stratigraphic levels from 3.5 to 2.5 and then to 1 GPa in the upper part of the SCLM most likely correspond to garnet pyroxenites and lherzolites. The garnet-spinel pyroxenite lens showing elevated Fe occurs in the 1e2 GPa interval. The heated eclogitesepyroxenites are located at the level close to 2.5e3 GPa. But low temperature eclogites belong to the 3.5e4 GPa interval, which marks the boundary between upper and lower parts of mantle lithosphere. It is traced also by the peridotites rich in pyroxenes showing highest temperature (HT) and low temperature (LT) conditions. A similar layer has been detected beneath the Udachnaya (Pokhilenko et al., 1999), Mir Figure 10 . REE patterns and TRE spidergrams for the melt parental for the minerals from deep seated xenocrysts from the kimberlite pipes Universitetskaya pipe of Kuranakh field. (Ashchepkov et al., , 2013a pipes and in other regions. Deeper in the range from 5.0 to 3.5 GPa, the joint PT estimates for garnets and ilmenites indicate the presence of metasomatic ilmenite peridotites, judging by the agreement of calculations of Fe # in Ol equilibrated with ilmenites and garnets. The low-Cr ilmenites fix proto-kimberlitic magma chambers or dense channels at this level created during protokimberlite magma ascent, similar to the processes of megacryst growth in alkali basalts (Ashchepkov et al., 2011) . The lower sub-lens in 6.5e5 GPa interval is composed mostly of pyroxenites or wehrlite type with Ca-rich garnets. Coinciding PT estimates of Ti-chromites and Cr-bearing ilmenite suggest that they should be from the intergrowths found in Nebaibut pipe. The megacrystalline association is represented by low-Cr ilmenites, ortho-and clinopyroxenes.
Concentrates from each pipe reveal the same division of the mantle section slightly varying in compositions of minerals and fraction of the minerals in the concentrate, as it was determined for kimberlites from Angola (Ashchepkov et al., 2012) . The concentrate from the Tuzik pipe contains more ilmenites and eclogites. The high temperature branch is more pronounced, starting from 4 GPa to the top of the mantle section.
The SCLM beneath the Evenkiyskaya pipe in general reveals characteristics that are found in the combined diagram (Supplement 3, Fig. 1A ). But the amount of Cr-rich garnets is less than in concentrates from other pipes. In the mantle section beneath Malysh pipe (Supplement 3, Fig. 1B ), the amount of chromites forming 3 clusters in SCLM is much higher than beneath the others. In contrast the amount of picroilmenites is higher but eclogitic omphacites are lower in SCLM beneath the Tuzik pipe (Supplement 3, Fig. 1C ).
The conductive 37 mWm À2 geotherm (Mather et al., 2011 ) is traced mainly by garnet PT estimates in SCLM beneath the Kharamai pipe field. The clinopyoxene geotherm (Grutter, 2009 ) especially determined by Nimis and Taylor (2000) method give as usual lower temperature conditions (Nimis et al., 2009 ). There are no evidences about sheared peridotites showing HT branches and FeTi-Na increasing trend for pyroxenes (Nixon and Boyd, 1973) . The highest pressure values for ilmenites, rare garnets and clinopyroxenes are close to 7.5 GPa. It is possible that the mantle lithosphere in this region was thicker before the PermianeTriassic heating as was suggested in previous works (Griffin et al., 2005; O'Reilly and Griffin, 2010; Howarth et al., 2014) . The reconstructed mantle column beneath the Khardakh pipe in Ary-Mastakh field also contains 3 large clearly expressed units (Fig. 13A) , with subdivision of each into 2 layers. In the upper part from 3 to 1 GPa, Fe-garnet peridotites and pyroxenites prevail. A Figure 11 . REE patterns and TRE spidergrams for the melt parental for the minerals from deep seated xenocrysts from the kimberlite pipes Trudovaya pipe of Kuranakh field.
small pyroxene-rich lens is present at the level w2.5 GPa. Substantially pyroxenitic lens in the middle part (3e4.5 GPa) is thermally heterogeneous. The highest heating and elevating Fe # values within 4e3.5 GPa refer to the eclogitic compositions. Clinopyroxenebearing rocks became low-temperature near 5 GPa. The inflection of the geothermal gradient corresponding to the appearance of the so-called convective branch is marked by the orthopyroxenes, and ilmenites PT estimates near 5e6.5 GPa. The orthopyroxeneclinopyroxene ilmenite-bearing peridotites and heated garnet peridotites of low Fe # are located below this boundary.
The ilmenite P-Fe # trend with the continuous increase in Fe # from 6 to 3 GPa shows division to three parts. In the lower part of the section in the 7e6 GPa interval, relatively low Fe # w0.1 corresponds to the Opx estimates and the low pressure part Fe # Ol for ilmenites is close to the clinopyroxenes PT points near 0.18.
Mantle sequences beneath the Kuranakh field show division into 3 major units with further subdivisions (Fig. 13B ). In the upper part the minerals from peridotites and pyroxenites show the increase of Fe # near the Moho. This part of the section is very heated up to 90 mW/m 2 (SEA geotherm). This is common for alkali basalt inclusions. In the interval of 3e4 GPa it is possible to recognize several linear trends of increased Fe # with decreasing pressure which is common for differentiating melts. The oxidation state of the peridotites of the upper part of SCLM beneath the Khardakh pipe is more heterogeneous in the upper SCLM part. Below the level of 4.0 GPa in the section, chromite-bearing dunites should dominate. Sometime they contain garnet nests or lenses (Ashchepkov et al., 2001) . These rocks are found as kimberlite xenoliths in the Dyuken and Ary-Mastakh fields in core from some boreholes (Ashchepkov et al., 2001 ). They are not similar to the diamond-bearing megacrystalline dunites with the subcalcic garnets from the center of the craton (Pokhilenko et al., 1991) . Garnets from these dunites relate to the lherzolite trend and Fe # is close to 0.1. The Fe # Ol (olivine equilibrated with chromites) of these chromites create a continuous trend decreasing together with pressures and joining with the garnet trend near 3 GPa. Ulvospinel component sharply grows in the lower part of the section, possibly due to reaction with protokimberlites. The inflection of the geothermal gradient is noted at the level of 5.5e6 GPa. The ilmenite P-Fe # trend also reveals a continuous increase upward in the interval from 7 to 4 GPa. Ilmenite-bearing metasomatites with comparatively low Fe # and increasing of Cr content in the ilmenites with decreasing pressure are found in the lower and upper parts of the mantle section.
Oxidation state in mantle beneath Kharamai field and Prianabarie
Oxidizing conditions were estimated using analyses of garnets using the monomineral version of Gudmundsson and Wood (1995) , clinopyroxenes according to the published equation (Ashchepkov et al., 2012 ) (modified here) and chromites and ilmenites in monomineral variations of Chr-Ol and Ilm-Ol oxybarometers (Taylor et al., 1998) . Peridotite (Cpx, Gar, Sp) minerals reveal close conditions in the P-f(O 2 ) diagrams for each pipe from the Kharamai field and in the combined diagram. The widest variations were detected in the upper part of the mantle section. Presence of pyroxene-rich layer within 2.5e4.5 GPa interval is accompanied by the highest f(O 2 ) fluctuation. In the lower unit the oxidation trend has an inflection near 5 GPa. Ilmenite f(O 2 ) estimates (Taylor et al., 1998, monomineral version) reveal two branches divided at near 4.5 GPa. Untypical for magmatic systems, a decrease of f(O 2 ) near this level is accompanied by increasing Cr. This possibly reflects reduction of the proto-kimberlitic melts due to interactions or assimilation of peridotite. Common increase of Cr content in Ilm to the upper part of SCLM is due to the (Brey and Kohler, 1990 ) -P (GPa) (McGregor, 1974) ; 2. Cpx, T ( C) (Nimis and Taylor, 2000) -P (GPa) for peridotites; 3. T ( C)-P (GPa) (Nimis and Taylor, 2000) for peridotites; 4. T ( C) (Nimis and Taylor, 2000) -P (GPa) for the eclogite; 5. the same for the pyroxenite; 6. garnet (monomineral), T ( C) (O'Neill and Wood, 1979) -P (GPa) ; 7. Chromite, T ( C) (O'Neill and Wall, 1987) -P (GPa) ; 8. Ilmenite, T ( C) (Taylor et al., 1998 ) -P (GPa) .
continuous dissolution of SCLM substrate by proto-kimberlitic melts during ascent and creation of feeder vein system. In the lower part, the garnet-bearing rocks mark three levels and two major ones coincide with those found for chromites. Ilmenites detect more oxidizing conditions in the lower part but in the middle pressure interval the highest of oxidation degrees of Gar, Cr and Cpx coincides with those found for ilmenites.
Two intervals of increasing upward oxidation state trends inflected near 3.5e4 GPa were observed in the upper part of SCLM beneath the Khardakh pipe (Ary-Mastakh field). The middle part of the section in the pyroxenite lens reveals the most diverse oxygen condition (Fig. 13A) . Pyroxenes (Cr-diopsides, pyroxenitic augites and rare omphacite) in association with ilmenites are more highly oxidized, while the others demonstrate conditions close to those determined from garnets. In the lower part of SCLM ilmenites demonstrate a stepped P-f(O 2 ) trend which may correspond to differentiation in the small vein bodies distributed within several pressure intervals.
In the SCLM beneath the Kuranakh field the double P-f(O 2 ) stepped trends extend through the whole mantle section from the SCLM base to the Moho. Trends for chromites and rare garnets <À2DQMF are divided into 5 pressure intervals. Double lower arrays are located within the diamond stability field (McCammon et al., 2001) . Chromites in the middle part of the SCLM are slightly more oxidized. They show and close in oxidation state, garnets show three separate in pressure intervals with the general f(O 2 ) increase to the top of mantle section. The trend of the higher oxidation state À1 AE1 DQMF for the ilmenites of pyroxene and rare garnets apparently corresponds to the system of veins and metasomatites, which should be created under the influence of the protokimberlitic melts. The highest oxidation state is found for the Cr-diopsides and ilmenites at 3e4 GPa pressure interval. The omphacites give more reduced conditions.
SWeNE transect through mantle beneath Kharamai field and Prianabarieto Kuoyka field
The SW to NE transect from Kharamai through Anabar fields to the Kuoyka field, also having early Triassic kimberlites like Djanga, was obtained using Surfer 8 software similar to the procedure used for the Arkhangelsk kimberlite region and central part of Siberia (Afanasiev et al., 2013; Ashchepkov et al., 2014) . It is somewhat similar to the mantle profile compiled for Siberia and other kimberlite provinces by Griffin et al. (1999a) . We used Fe # values for all minerals together with ilmenites marking magmatic systems and metasomatites (Fig. 14A) , and also the profiles using calculated temperature (Fig. 14B ) and oxygen fugacity values (Fig. 14C) 6. Discussion
Structure of mantle sections and tectonic implications
Previous works (Ashchepkov et al., 2001 (Ashchepkov et al., , 2013a determined that Siberian and other cratons reveal individual features of the structure of mantle sections in different terranes. The layering is more expressed in the fluctuations of the P-Fe # trends for the garnets (Ashchepkov et al., 2013a) . The major dividing horizons determine the position of magma chambers, traced by megacrysts of ilmenites. The structural individual features are emphasized by the position of eclogite lenses and pyroxenite layers as well as PT estimates for different bodies possibly belonging to the some melt conduits and accompanied metasomatites. The veined peridotite groups and metasomatites mainly represent the dispersed clouds in the PT and P-Fe # diagrams (Figs. 12 and 13). The continuous trends with some clots for chromites possibly reflect the position of the large dunite veins and podiform chromite bodies similar to those found in ophiolites (Arai et al., 2004) . They should mark the hydrous melts fluid migration. While the pyroxene refertilization trends and arrays correspond to the carbonatite and protokimberlite reaction associations and metasomatites. According to accepted tectonic divisions the Kharamai field relates to the Magan terrane (Gladkochub et al., 2006; Rosen et al., 2006; Smelov and Zaitsev, 2013) . The reconstructed mantle sections for pipe Mir, Internatsionalnaya pipes and other large pipes in these terranes give sharply stepped P-Fe # garnet arrays according to distribution of the sub-calcic garnets and the clots of the ilmenite PT trends in the northern part of the Malo-Botuobinsky field. The mantle section beneath the Internatsionalnaya pipe according to the PFe # garnet trend may be also fertile and contain abundant pyroxenites and eclogites. At the same time, the structure of the mantle section under the Kharamai lithosphere block consists of 6 large units which do not reveal rhythmical contrasting stratification based on the garnet estimates. Such types of sections are more typical of the Daldyn and Markha terrane. But in the Daldyn terrane the sharp division into 6 separate structural units (Ashchepkov et al., , 2013a ) is characteristic. Three levels of stratigraphic divisions between these units in the lower part of the SCLM, possibly represent the paleoslabs or their groups (Pearson et al., 1995) and should control the position of magma chambers. Such types of layering with the three levels of ilmenite concentration in the lower SCLM, as in the SCLM beneath the Malysh and Tuzik pipes, was determined for the Zarnitsa mantle section. But the combined diagram for the SCLM beneath Kharamai shows the presence of two large ilmenite clouds. This is similar to the SCLM beneath the Internatsionalnaya pipe or Sytykanskaya pipe in the Alakit field.
The structure of the Ary-Mastakh field located at the boundary between the Magan and Daldyn terranes has no direct analogies in the Magan terrane. The location of the permeable zone is a possible reason of the high concentration of ilmenites and phlogopites and many pipes from this field. Maybe it is somewhat similar to the SCLM beneath the Mir pipe which shows a relatively fertile upper part and sharply exhausted lower part and a thick pyroxeniteeclogite lens. But the layering shows more contrast in the MaloBotuobinsky field. Some pipes in the Kuoyka field such as Obnazhennaya (Taylor et al., 2003; Ashchepkov et al., 2010 Ashchepkov et al., , 2013a Howarth et al., 2014) , which has also very depleted lower SCLM part and thick pyroxenite layer, reveal a very similar SCLM structure but belong to the Khapchan terrane.
The Kuranakh field has some similarities with the pipes from the Daldyn terrane where two large kimberlite fields are known. The SCLM beneath the Udachnaya pipe is separated into 6 sharply contrasting units (Ashchepkov et al., 2013b) and ilmenite PT estimates are mainly located in the lower part. One can also find rather thin layering to 12 units for the Kuranakh field SCLM. The thick pyroxenite-eclogite layer also exists. But the garnet trends and pyroxene compositions are quite different from those found in kimberlites from the northern Daldyn terrane. The high degree of depletion is typical for the mantle peridotites from SCLM beneath the Yubileinaya pipe and small pipes in this cluster.
Compositional features of the mantle sequences in different terranes
In all SCLM sections beneath kimberlites in the Anabar shield, we find an important enrichment by pyroxenite material of the upper parts of mantle lithosphere and amphibole metasomatism. Commonly it occurs in the peripheral parts of cratons like in the Kasai craton in Africa (Franz et al., 1996) . But the lower part is sharply exhausted to dunites metasomatized to different degrees (Ashchepkov et al., 2001) . The highly depleted mantle in the lower part is common for some parts of Kuoyka and other northern kimberlitic fields belonging to the Khapchan terrane. It seems that exhausting of the deeper horizons of the SCLM is not a characteristic feature of the marginal part of cratons, but is typical for the shield areas such as Aldan, northern part of Zimbabwe craton (Smith et al., 2009) and Greenland (Wittig et al., 2008) .
The rarity or lack of sub-calcic garnets seems to be also rather common for the northern and eastern parts of the Siberian craton. For example, in the eastern part of craton in the Manchary field, such garnets have not been found yet in the lower part of mantle section .
Presence of amphiboles of Cr-hornblende or pargasite type provides evidence about metasomatic modification of the upper part of the mantle sections in the 3.5e1.0 GPa interval of the Kharamai, whole Anabar and Prianabarie and Kuoyka fields. They are rather rare in the central part of the Siberian craton. In the center section of the Siberian craton, amphiboles of the richteritetype prevail (Ashchepkov et al., 2004) .
The thick pyroxenite layer in the middle part of the SCLM beneath the Kharamai field (Fig. 12) and its heterogeneous heating is typical also for several regions of the Anabar shield and Kuoyka in Prianabarie. The pyroxenite lens beneath Kharamai is located within 3e3.5 GPa interval. Commonly in the central part of craton it is found deeper. Thick pyroxenite lens (Pokhilenko et al., 1991; Ashchepkov et al., 2010) are characteristic for the Daldyn and Magan terranes at the level of w4 GPa, but it is not typical for the Markha terrane.
Compared to the Mesozoic kimberlites, the late Devonian kimberlites contain higher amount of sub-calcic garnets. Even in the northern fields like the Toluopka or Orto-Yargin field located 450 km northward from the Kuranakh field (Babushkina, in press), the amount of such garnets is significant in the pipes and in placers.
The question is: what is the reason for the similarity of the SCLM in northern Siberia around Anabar shield, represented by the general depletion in the lower SCLM part and high degree of metasomatism in the upper part? Is it an original feature or was it created during the further history including the modification by possible subduction-related fluids or superplume events? It is possible also that the tectonic division within the crust does not coincide with the mantle structure.
The xenoliths which refer to depths of w5e6 GPa (Ashchepkov et al., 2001; Griffin et al., 2005) have essentially dunitic compositions with porphyroclastic structure and the nests of garnets and pyroxenes which correspond to the refertilization type. Many dunites also contain phlogopites probably created in the permeable fracture zones such as transform faults or ancient sutures. Some dunites reveal porphyroclastic structures with recrystallization of olivine margins to fine grained aggregates. All these features seem to be of secondary origin.
It is possible that the position of heating corresponds to the olivine dislocation creep produced by hydrous fluids or melts are located just near w6.0e6.5 GPa (Karato, 2010; Peslier et al., 2010) , which mainly determines the lithosphereeAsthenosphere Boundary (LAB) position beneath the cratons in Phanerozoic time.
Some PT estimates corresponding to 7.0 GPa and lower, and the presence of Cr-rich garnets in the Kharamai kimberlites probably means that there are the relics of thick lithosphere beneath the Kharamai field and some regions in the Anabar shield.
The diverse models of lithospheric keel formation (Lee et al., 2011) suggest presence of the olivine-rich layers in lithospheric mantle keel making it more buoyant than fertile convecting mantle (Artemieva, 2009) . Thick dunitic cores could produce upwelling corresponding to the shields within cratons, especially if they have deep roots because depths >8 GPa are at the boundary of Ol-melt density inversion (Agee et al., 1982) .
The P-Fe # Ol trend from 0.7 in the SCLM base to 0.11e0.12 in the top of the Kharamai peridotite mantle column is not typical for Archean mantle sequences. The upper enrichment may be attribute to plume influence because basaltic melts are mainly reacting with the upper part of the mantle column in 3e1.5 GPa, within the depression of the H 2 O-bearing melts (Tappe et al., 2007) . The origin of dunites which are common in the Anabar mantle may be a high degree melting of Archean mantle diapirs. But some dunites with the Gar-Opx-Cpx nests from Anabar and surroundings have rather high Fe # Ol w0.085e0.1 (Ashchepkov et al., 2001 ) which is not typical for the Archean mantle (Griffin et al., 2003) , and possibly relate to the refertilized associations. Slightly elevated Fe # Ol is an attribute of ancient arc peridotites (Gornova et al., 2013) . But most peridotites have the range of Fe # Ol calculated for garnets w0.5 to 0.7 (Ashchepkov et al., 2013a) which is close to Archean peridotites having Fe # close to 0.067 (Gornova et al., 2013) . Modern fore arc-mantle peridotite close to the Mariana type (Ohara et al., 2002) (Grégoire et al., 2005) .
Geochemistry of minerals and parental melts as the signs of the geodynamic environment and its evolution
Geochemical signs of garnets from the mantle peridotites of the Kharamai field with a large quantity of humped REE patterns (Fig. 7A, Gr1-2) were not detected before in peridotitic associations from the Magan block (Griffin et al., 2005) , and mostly refer to the pyroxenite layer. Another large amount of garnet (Fig. 7A, Gr3) relates to the lower part of SCLM. They reveal the spectra of high (La/Yb) n ratios and M-HREE depressions typical of garnet harzburgites (Ionov et al., 2010) . One analysis shows rather high HFSE concentrations. Reconstructions with the KD (Hauri et al., 1994) of the parental melts for the garnets show three different patterns. The convex upward patterns commonly are attributed to some types of clinopyroxenes (Gr1) (Fig. 15) . In other words the melts produced such garnets were dissolved essential amount of the clinopyroxenes. The concave downward patterns are typical for enstatites of harzburgite type (Gr3). Such type of dissolution could take place after the addition of hydrous melts which extends the garnet stability field. To obtain the melt which created clinopyroxenes, the calculated melt compositions parental for the garnets were divided by the partition coefficients of Cpx/melt after Hart and Dunn (1993) . But for the exact determination of primary clinopyroxenes composition it is necessary to know the composition of the melts which dissolved the garnets which should be subtracted from the reconstructed melts.
Note that melts which are contaminated by the significant amount of dissolved orthopyroxenes of the island arc type having large MHEE depressions and elevated LREE (Ionov et al., 2013) , should crystallize garnets with the patterns with M-HEE depressions common for some diamond associations (Stachel and Harris, 2008) .
The analyses of garnets of Gr2-3 after a second inversion (Supplement 3, Fig. 1C) show linear spectra in LMREE and elevation in the HREE branch. Obtained concave downward from Gd to Tb REE spectra (Gr1) show some similarities with some boninite island arc melts (Smithies, 2002; Almeev et al., 2013) , and those with flatter HREE are close to clinopyroxenes from granular Udachnaya peridotites (Ionov et al., 2010; Ashchepkov et al., 2013b) .
Melts calculated for the Gr3 show patterns closest to garnet harzburgites from ancient ophiolitic complexes (Gornova et al., 2013) . The spider diagrams show similarity in the left part of the diagrams with the continuous rise of incompatible components and peaks in U, Pb elevated LILE and small depression in Y. Anomalies in U, Th and Ta may be a sign of carbonatitic melts (Andrade et al., 2008) . The possible hypothesis is deep seated melting in the arc setting with participation of some sediments (Condie et al., 2001) or metasomatized by arc melts (Hastie et al., 2011) . Such a question cannot be solved without isotopy of clinopyroxene xenocrysts.
The high LREE of the orthopyroxenes suggests the high participations of fluids and Y anomalies may be attributed to the highly depleted peridotite source. Such melts may possibly not be of subduction-related type because they have no Eu anomalies. The melts parental for clinopyroxenes with highly inclined straight line REE patterns may be regarded as low degree partial melts in the garnet stability field having carbonatitic signatures, because they have elevation in U, Th and Sr peaks and small troughs in some HFSE such as Hf, Nb.
For the melts which produced mantle pyroxenes of the Kharamai field (Fig. 15B) , the degree of melting must be w0.05e0.1%, and the Gar/Cpx ratio of the parental rocks should be rather high (1e2) (Fig. 2, Supplement 3 ) which corresponds to harzburgites, because lherzolitic clinopyroxenes should have asymmetric belllike patterns (Ashchepkov et al., 2011) . Such characteristics of the studied regions are also shown by some mantle clinopyroxenes from the Alakit field (Ashchepkov et al., 2004) . Elevated Th and U concentrations suggest that parental melts may be carbonatitic (Nelson et al., 1988) . The melt parental for the omphacite reveals signatures of primitive Mg-andesites with the Eu peaks (Jolly et al., 2007) , but they are not close to adakites (Eyuboglu et al., 2011) having commonly Ta-Nb minima.
Parental melts for ilmenite reconstructed with KD (Zack and Brumm, 1998) (Supplement 3, Fig. 2A) show signatures regarded to be carbonatitic. They have inclined patterns with inflections in MREE and other part of patterns which may be a result of the tetrad effect. There are small peaks in Ce. HFSE varies from elevated to depleted, possibly in accordance with oxidation state. The peaks in Pb suggest that these melts were not differentiated and were created as partial melts.
The REE patterns of the melts which produced chromites found with KD (Klemme et al., 2009 ; Supplement 3, Fig. 2B ) are even more Figure 15 . REE patterns and TRE spider diagrams for the melts in equilibrium with the minerals from deep seated xenocrysts from the kimberlite pipes Kharamai field. The TRE compositions of parental melt for Cpx are reconstructed with KD after Hart and Dunn (1993) , for garnets after Hauri et al. (1994). inclined than all the others, which suggests that they were low degree partial melts of peridotites where garnet content was rather high, because the Gar/Cpx ratio in general regulates the inclination. Peaks in Pb, Ta, Pb may result from the involvement in melting of the impurities on grain surfaces (Bedini and Bodinier, 1999) , and decoupling of Ta, Nb, Zr and Hf probably suggests rutile contribution (Foley et al., 2000) .
Melts parental for clinopyroxenes from the Khardakh pipe in Ary-Mastakh field (Fig. 16A) show two modes of TRE patterns. Though LREE levels near 100/PM and flatter HREE parts are close to primitive andesites (Jolly et al., 2007) showing continuous growth of incompatible elements and without fractionation of HFSE, the elevated Zr-Hf and peaks of Sr, Pb probably implies their origin from low degree partial melts with intergranular space material (Bedini and Bodinier, 1999) . The straight line REE patterns with different REE levels reveal high peaks of Th, U, and Ba. All these features may mean some participation of subductionrelated fluids.
Geochemistry of pyroxenes from the peridotites of SCLM beneath the Kuranakh field (Fig. 16B, C) is also not typical for the central section of the Siberian craton (Nimis et al., 2009; Ionov et al., 2010; Ashchepkov et al., 2013a) . Melts parental for the pyroxene from the Universitetskaya pipe with low (La/Yb) n (Fig. 16B) ratios are from the garnet-spinel mantle facies showing slightly Ushaped patterns with elevated LREE assumed to be participation of a high amount of fluid. One composition with high REE inclination shows enrichment in Nb, Ta, Th, U and Zr, probably reflecting ilmenite dissolution.
Similar TRE patterns are shown by most clinopyroxene parental melts from the Trudovaya pipe (Fig. 16C) . The clinopyroxene's features from the Universitetskaya pipe (Fig. 16B) and Trudovaya from the Kuranakh field as well as Khardakh pyroxene from the AryMastakh field also show the participation of fluids. Variations in HREE suggest different fractions of garnet in parental rocks.
Garnets from the upper part of the section, along with pyroxene, probably demonstrate the participation of crustal material or tonalite melt signatures and their hybridization with mantle peridotites.
Hence, clinopyroxenes from the Anabar region reveal the similarities of geochemistry with clinopyroxenes from arc-type ophiolite rocks. The high LREE content and concave downward patterns suggest absence of garnets in the source and high influence of the fluids, which may be an attributed to an arc origin. However, most calculated using division to Cpx KD melts have no HFSE depletions which are common for melts with H 2 O-bearing fluids. This probably means the reducing conditions of the ancient mantle. But even high dense fluid found in diamonds (Tomlinson and Müller, 2009 ) reveals such anomalies.
We tried to model some cases of melting taking the composition of harzburgite with the nearly flat TRE pattern without deep HFSE anomalies (Ionov et al., 2010) as the starting peridotite composition. We use two models: (1) of melting with different melting degree (F) and (2) fusion with various Gar-Cpx (Supplement 3, Fig. 3A , B) ratios and the same F. Both of them suggest very low melting degree which could take part only in presence of fluid. Modeling with the additional fractionation of the garnets and mixing with the dense fluids (Supplement 3, Fig. 3C ) (Tomlinson and Müller, 2009) shows possibility of such processes. But they could proceed only in highly reduced conditions without precipitation of oxides making HFSE anomalies.
There is no essential difference in the geochemistry of clinopyroxenes from Anabar shield from Khardakh pipe (Ary-Mastakh field), Universitetskaya (Kuranakh fields) referring to the Daldyn and Khapchan terranes respectively. Reconstructions of the ancient melts that created clinopyroxenes give highly LREE-rich and inclined concave downward patterns without strong anomalies except for small Zr peaks. Such geochemical features have no analogies in modern mantle melts.
Possible model of Siberian continent growth
The principle feature of the mantle sections in the northern part of the Siberian craton are: rather simple division without sharp layering, the thick pyroxenite layer and a high degree of metasomatism in the upper SCLM. Abundance of Na-amphiboles, eclogites and pyroxenitic assemblages with the enriched LREE and incompatible elements also reflect the environment close to marginal continental signatures. This is supported also by the geochemistry of the xenocryst minerals and their parental melts (Figs. 15 and 16) .
The geochemical features of the minerals such as TTG TRE signatures of garnets in the Ary-Mastakh show possible arc settings. And all studied kimberlite fields including Kuranakh and Kuoyka in Birekte terrane possibly are close to the environment of marginal micro continents similar to those constituting Indonesia. They also have very enriched upper parts of the mantle section and depleted lower parts below 4 GPa (Nixon and Boyd, 1979 ).
An abundance of eclogitic pyroxenes and garnets in concentrates show an arc environment of mantle sequences in Prianabarie and northern Yakutia. High variation of the Fe # in the lower part suggests that the mantle column was constructed from heterogeneous units and possibly subjected to interaction with melts/fluids. Laterally the SCLM structures are not homogeneous and formed from several blocks which were accreted together in the Anabar collision system w1.8e1.6 Ga (Rosen et al., 2007) . These PT reconstructions for xenocrysts of the Kharamai kimberlite with definite layered structure of SCLM consist of 5 or more likely 7e8 levels. The P-Fe # upward trends are not common for SCLM in Devonian time (Ashchepkov et al., 2013a) . Earlier a model of low angle subduction on top of the mantle plumes was suggested to explain the similarity of the mantle layering consisting from 10 to 12 separate layers in the central part of Yakutia (Ashchepkov et al., , 2013a . The alternative hypothesis of the mantle keel is merging of the stacked slab at the margin of the continents (Griffin and O'Reilly, 2007) , and is also a possible mechanism of lithosphere growth beneath the Anabar Shield.
The transect from the Magan to Khapchan terranes and further to the Birekte terrane shows the difference in the structure of these units. It supports also a rather unusual feature of the Anabar shield SCLM, composed from rather Fe-rich but depleted in modal composition peridotites (Fig. 14) .
To explain the origin of pyroxeniteeeclogite layering we suggest that it was formed in the early Archean when the geothermal gradient was higher and eclogites could not cross the 130 km boundary (Gerya, 2014) and were partly remelted. Another possible mechanism is loading of the Mg-rich cumulates derived from the TTG in the base of arc magmatic systems (Horodyskyj et al., 2007) .
It is possible to propose a combined model that accounts for possible variants (Fig. 17) .
Interaction of the superplume with the mantle lithosphere
The Permo-Triassic plume magmatism appeared several hundred kilometers to the north-west in the Meimecha Province (Arndt et al., 1995; Kogarko and Ryabchikov, 2000) . All mantle sections sampled by lower Triassic kimberlites reveal significant heating in the lower part of the mantle column within the 5e6 GPa interval or upper at 5 GPa and depletion to dunites with rare garnets. While the Devonian superplume stage is characterized by the presence of sheared peridotites (Ionov et al., 2010) and refertilization (Howarth et al., 2014) . The formation of garnet dunites (Pokhilenko et al., 1991) probably took part in the early stages of craton creation. Thick pyroxenite lens is also typical, as in Aldan, Chompolo (Ashchepkov et al., 2001 or 4 GPa (Obnazhennaya, Kuoyka field) (Taylor et al., 2003; Ashchepkov et al., 2014) . They also reveal the distinct Mesozoic linear pyrope pyroxenite trends started from different Cr contents and reflect continuous reaction of the plume-related melts with the peridotites (Howarth et al., 2014) . The beginning of the linear Cr-Ca trend produced by the essentially carbonatite magma (Pokhilenko et al., 2015) is determined by the depth of plume melt intrusions.
Could interaction with the plume also be the reason for the depletion of the lower SCLM part and pyroxenization and metasomatism in the upper part? The depletion of lherzolitesharzburgites to dunites (10e20% of melting) from the base (250 km) to 100 km should be a great event which could produce enough melt to form the 10e20 km pyroxenite layer which may have crystallized in the middle part of SCLM or reacted with the eclogites producing hybrid melts and pyroxenites as was suggested for Obnazhennaya (Taylor et al., 2003) . Prevalence of pyroxenites may be the attribute of separate pipes tracing local zones. Even in the Kuoyka field, large amounts of pyroxenites are not common for each pipe (Ashchepkov et al., 2013a,b,c,d) . Geochemical exploration evidence mainly informs about the refertilization processes (Taylor et al., 2003; Howarth et al., 2014) accompanying the plume influence, and without detailed isotopic geochemical data, it is not possible to decipher the origin of dunites. Presence of the pyroxenite layers in many SCLM sections worldwide in other cratons suggest that these layers are of primary origin in early Archean time.
Exhaustion in the lower part of the studied sections to dunites and generation of basalts could possibly be connected with the influence of superplume. However, in the Anabar region and nearby regions, basaltic magmatism did not appear. The Fe # Ol increase within 3.5e1 GPa (Ashchepkov et al., 2013a) could be explained as a result of the plume melts differentiation and interaction during ascend. They could produce enriched lherzolites and pyroxenites with Fe-rich and high-Al pyroxenes. And PFe # upward trend due to differentiation of the host melts during ascent which is determined also in the mantle section of the Khardakh pipe (Ashchepkov et al., 2013a) . But there are no geochemical signs of interaction with the plume melt in the geochemistry of pyroxenes and garnets. Usually pyroxenes and garnets produced by plume-related melts have smooth round spidergrams (McDonough and Sun, 1995) which is not found for mantle xenocrysts of the Kharamai field. The rarity or absence of the typical sheared peridotites is also distinct feature of SCLM sections sampled by the early Triassic kimberlites. The single diamondiferous pipe of early Triassic age is Malokuonamskaya in the Karanakh field containing abundant eclogitic garnets, but peridotitic garnets with dunitic affinity are rare, which is possibly a specific feature of the Anabar region which is different from central Siberia South Africa, Canada and other kimberlitic provinces worldwide (Stachel and Harris, 2008; Cartigny et al., 2009) .
The considerable decrease of the thickness and delamination of the lithospheric keel, which was assumed (Griffin et al., 1999a (Griffin et al., ,b, 2005 on the basis of previous versions of garnet thermobarometry (Ryan et al., 1996) was not found, but it is slightly reduced to 190e220 km (5.5e6.5 GPa) judging by geophysical data (McKenzie and Priestley, 2008) . Similar processes took place beneath the Colorado plateau (Coopersmith et al., 2003) . In the central regions of the Siberian craton the thickness usually corresponds to 250e270 km (7e8 GPa). For Kharamai and Anabar the elevated geothermal gradients in the middle and upper parts of the SCLM sections are more notable than for the mantle section found beneath the Udachnaya pipe (Ashchepkov et al., 2013b) and some other large Devonian kimberlites pipes of the Siberian craton (Ashchepkov et al., , 2013a . These phenomena may be associated with the influence of the Devonian superplume responsible for mantle heating. These phenomena may be associated with the influence of the Devonian superplume responsible for mantle heating. These phenomena may be associated with the influence of the Devonian superplume responsible for mantle heating.
Conclusions
(1) Structure of the mantle section of the Kharamai field essentially differs from studied sections of the mantle lithosphere in Magan (Malo-Botuobinskoe filed) and other terranes of the Siberian craton and mantle sections of the Anabar shield show individual features of SCLM beneath each kimberlite field. (2) Geochemistry of pyroxene garnets and ilmenites of the Kharamai field differ from the chemical features of mantle minerals from the Anabar shield. Parental melts for the minerals in SCLM beneath Anabar reveal increase of the incompatible components and LREE, suggesting high saturation in volatiles typical for (continental) island arc mantle. (3) Abundance of the Na-Cr-amphibole and other signs of mantle metasomatism in the upper part of the mantle, and a rather thick pyroxenite eclogite layer 2.5e4 GPa interval is the sign of the marginal signature of the craton SCLM. (4) There is no evidence for delamination of lithosphere in the northern part of Siberian craton. But the decrease of the mantle keel thickness from 250 to 220 km after the PermianeTriassic superplume is thought to be the result of heating and plume melt interaction with mantle peridotites and low diamond grade of early Triassic kimberlites.
